DOCUMENT RESUME 



ED 387 A86 



TM 023 23A 



AUTHOR 
TITLE 



INSTITUTION 

REPORT NO 
PUB DATE 
NOTE 

AVAILABLE FROM 
PUB TYPE 



Dochy, F. J. R. C. 

The "Prior Knowledge State" of Students and Its 
Facilitating Effect on Learning: Theories and 
Research . 

Open Univ., Heerlen (Netherlands). Centre for 

Educat ional Technological Innovat ion. 

ISBN-90-358-0587-9; OTIC-RR-1-2 

88 

37p. 

Open University, Secretariaat OTIC/COP, Postbus 2960, 

6A01 DL Heerlen, The Netherlands. 

Books (010) — Information .Analyses (070) 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



MF01/PC02 Plus Postage. 

Background; Educational Psychology; Educational 
Research; '"'Educational Theories; Foreign Countries; 
"Individual Differences! "Knowledge Level; Models; 
"Prior Learning 
"Expert Novice Paradigm 



ABSTRACT 

Educational psychology has indicated that ^rrior 
knowledge is a potentially important educational variable. Recent and 
earlier research in educational psychology has shown that 30 to 60*/. 
of the variance in study results could be explained by this variable. 
Insight into these factors should influence the return on education. 
A common theoretical frame regarding explanatory theories and 
concepts, considering different sorts of prior knowledge and 
individual differences in prior knowledge states, could lead 
educational psychology research to previously acquired knowledge and 
experience. Further research should concentrate on such a framework, 
building on earlier results. This report gives an overview of 
research on the effect of prior knov/^ edff.e on learning and theories 
that offer an explanation for the facilitating effect of prior 
knowledge. An exploration of the concept "prior knowledge" is made, 
largely on the basis of the English language literature. Attention is 
also paid to the exper t"novi ce paradigm. Four figures and one table 
illustrate the discussion. (Contains 116 references.) (SLD) 



Reproductions supplied by EDRS are the best that can be made 
from the original document. 



00 
00 

Q 

W 



The 'Prior Knowledge State' 
of students and its facili- 
tating efifect on learning: 
theories and research 



F.J.R.C. Dochy 



U S. OePAHTMENT OF EDUCAHON 
Otfic© of Educational PDs«*fch and imD'ovement 
EDUCATIONAL RESOURCES INFORMATION 

CENTER (fRiO 
(B^..» (Jocument has oeen fcp'oduced as 
received <fom the person Of Of3a"'""C" 
originating it 
C Minor Ch«nge» h.ve been made IC .m[>fovP 
fapfoduclion quality 



• Points oU.e* Of opinions staled-' t^'Sdocu 
ment do not necessa^iy 'ep'esent o".r.ai 

OERI pot'tion Of pol'Cy 



■ PERMISSION TO RtPRODUCfc THIS 
MATERIAL HAS BELEN GRANTED BY 



TO THe fr)llt:A!lONAL Re. SOURCES 
INFORM A nON i E.NTFR iER>C\ 



Cm 

ERIC 



BEST COPY AVAILABLE 



'4 



OTIC RESEARCH REPORTS 



The Open University is responsible for developing and 
offering open, higher distance education in which special 
attention is paid to innovations in educational technology. 
The research in this field is concentrated in "OTIC", 
that is the Centre for Educational Technological Innovations 
(Onderwijs "echnologisch Innovatie Centrum). 

OTIC is also engaged in running projects for other 
institutes. Here the Centre makes use of OTIC's knowledge and 
experience acquired in research and development. 
The series of OTIC Research Reports consists of publications 
of the OTIC research projects and aims mainly at an audience 
of fellow researchers. 



RESEARCH PROJECT >PRIOR KNOULEDGE STATE*. 

This research project started from the ictea that if the 
specific prior knowledge state is taken into account, in a 
modular educational system, students will have the 
opportunity of following different learning paths in a more 
efficient way. 

The research is directed at a clear definition of th.e 
problems and their solutions. 



BEST COPY AVAILABLE 



Educational Technology Innovation Centre 
Open University 



THE 'PRIOR KMOULEDGE STATE* OF STUDENTS 

AND ITS FACILITATING EFFECT ON LEARNING 

OTIC Research Report 1,2 
F ■ J , R . C . Dochy 



ERLC 




CIP- gegevens koninklijke bibliotheek, Den Haag 
Dochy, F.J.R.C. 

The »Prior Knowledge State* of students and its 

facilitating effect on learning: theories and research/ 

F.J.R.C. Dochy. - Heerlen: Open University, 

Educational Technology Innovation Centre (OTIC) 

- III. - (O.T.I.C. research report 1.2) 

Het lit. opg., reg. 

ISBN 90-358-0587-9 geb. 

SISO 450.43 UDC 371 .012 

Trefw.: prior knowledge in the learning process; researc 



c 1988, Open University, Heerlen 



Save exceptions stated by the law no part of this 

publication may be reproduced in any form, 

by print, photoprint, microfilm or other means, 

included a complete or partial transcription, 

without the prior written permission of the 

publisher. 



01 I C Research Reports are available at: 

the Open University 
secretariaat OTIC /COP 
Postbus 2960 
6401 DL Heerlen 
Telephone 045-762261 / 471 



OCWTENT 



page 



0. sumuaiy 2 

1- ^ntie inportaixae of prior kncx/ledge 3 

2. Iheories and research results on the use 

and infliienae of prior knowledge 5 

2.1. The restruc±xtring theory 6 

2.2. The elaboration theory 6 

2.3. The accessibility theory 7 

2.4. Tlie selective attention hypothesis 9 

2.5. The availability theory 10 

2.6. The retrieval-aid theory 10 

2.7. The schema-transfer theor 11 

2.8. The representation-savir^ theory 12 

3- The significance of the oonoept 

"prior knowledge** 15 

3.1. The definition of "prior knowledge" 15 

3.2. Types of prior knowledge . 15 

3.3. Differences in prior knowledge is 

4. Oondusions 22 

Literature 23 



1 



ERLC 



Susnnary 



Kiucational psychology has indicated that prior kncwledge is 
a potentially irtportant educational variable • Recent and 
earlier research in educational psy<SK)logy has shown that 30 
to 60 per cent of the variance in stu^ results ocxild be 
ejqplained by this variable • Insist into these factors 
should influence the return on education. 

A caramon theoretical fraine regarding explanatory theories and 
conc^jts (different sorts of prior lowledge and individual 
differences in prior knowlecige state) could serve educational 
psychological research into previously acquired kncwledge and 
experience. 

Further research in this area should be situated in this 
theoretical fraitework and build upon earlier results. 
Ihis rqport gives an overview of the researdi into the effect 
of prior knowledge in learning and the theories flowing from 
it viiich offer an e>q)lanaticxi for the facilitating effect of 
prior knowledge. Further, largely on the basis of the English 
language literature on the subject, an exploration of the 
conxpt of 'prior knowledge* is made and of various types of 
prior knowledge. Finally attention is paid to the expert- 
novice paradigm. 
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1. The inpcrtanoe of prior knowledge 



Hie work of Ausubel is certainly not the first to direct 
attention to the inportancse of prior knowlec^e. In any event, 
his work has led to renewed psychological interest in 
learning in institutionalized educational contexts. Ausubel 
hii^i^ts an iitportant nanent in the development of a sub- 
field within a brrndi of psychology that is generally ceilled 
educational psydiclogy (Lodewijks, 1983) . In his basic text 
•Educational Psychology: a cognitive view' he writes 
unhesitatingly about the; crticial role of prior knowledge in 
learning: "If I had to reduce all of educational psychology 
to just one principle, I wcxild say this: The loost iitportant 
single factor inflxaencing learning is vhat the learner 
already kncws. Ascertain this and teach hiia accordingly." 
(Ausubel, 1968). This involves a tripartite assuitption 
(Lodewijks, 1983) i.e.: 

- that prior kncwledge is the most iitportant variable in 
educational psychology; 

- that the degree (content " and degree of organization) of 
prior knowledge of a student ntist be familiar or 
ineasurable for the achievement of optinal learning; 

- a learning situation is optimal to the degree to which it 
accords with the level of prior knowledge. 

Recent literature in educational psychology however indicates 
that there has not been rauch advance on this staternent. 
Research into the establishment of the level of prior 
knowledge has been infrequently vmdertaken or not at all. In 
recent years within research into cognitive processing 
activities, an increasing interest can be detected in the 
role that student's prior knowledge plays in acquirii^ new 
information (Anderscai, Spiro and Anderscai, 1978; Bower, Black 
and Turner, 1979; Mayer, 1980; Pinchert and Anderson, 1977). 
Anderson (1978) writes: "Ihe knowledge a perscai possesses has 
a potent influence on vhat he or she will learn and 
remember...". Ihe conclusion of Beiikhof is worthy of note: 
"Conprehension is best r^resented as an interacticxi of 
content in text and the reader's prior knowledge". One of the 
foremost results of recent research in cognitive psychology 
is the consciousness that 'old' knowledge plays an iitportant 
role in the aoquisitiai of •new* knowledge (Vosniadou and 
Brewer, 1987; Anderson, Spiro and Moitague, 1977; Bransford, 
1979; Brewer and Nakaitura, 1984). 

On the other hand, the amount of knowledge has a substantial 
iiipact on the leamirg process (Chi, Glaser and Rees, 1982) . 
Kncwledge that the learner already has about a particular 
subject appears to exercise a considerable influence on the 
manner in vAiidi and the degree to ^ch new information is 
understood, stored and can be used. 

Furtherroore it is aoo^ted that both the acquisition of 
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knowledge and the learning of skills is dqpendent on the 
entry behaviour. (Neisser, 1976; Dochy and van Ijuyk, 1987). 



Ihe fact that prior knowledge has been demonstrated to be a 
potentially iirportant educational variable is shewn in the 
research of van Weeda (1982) inter alia. He fcund that 
knowledge measured prior to a course, e5q)lained, on average, 
no less than 50% of the variance in the post test scores. 
Oonparable results were r^»rted by Bloon (1976). Lodewijks 
(1981) found a correlation of 0.60 between the assessrnent the 
students made of their prior knowledge and their actual 
performance. TBie results of the research into the influence 
of variables on stotSb/ results deaicrjstrate that prior 
knowledge e>^lciins between 30 and 60 per cent of the variance 
in stufy results. Research demonstrates that prior knowledge 
is an inportant educational variable (Schmidt, 1987) . 

Figure 1 gives an overview of the relative influence of the 
different factors in learning. 



* * 

* Prior knowledge 30 - 60% * 

* * 

* Quality of the educaticxi 5 - 15% * 

1c * 

* Motivation 0% « • * 

* Tiite for self sbody 15 - 25% 



Studyresults 



* * 

* Stud^ strategies 10% * 

* * 
********************************************** 

Figure 1: An overview of the educationcil variables and their 

relative influence on study performance (after Schmidt, 
1987) . 



In contradistinction to the influence of prior knowledge in 
the leamii^ process, in educati<xial practice, relatively 
little account is taken of the prior knowledge and experience 
of students. According to De Wolf (1985) it is very seldom 
that true account is taken to prior knowledge in the grading 
of subjects in terms of time and content. Ihe most that can 
be said is that soroe allowance is made for prior kiKWledge 
that is largely assumed or, in a few cases, tested. A limited 
synopsis of the theories and researdi on prior knowledge 
makes this position clear. 
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2. Thearies and reseaixh results cn the use and influencse of 
pricr knowledge. 



In day-to-day life, we wculd appear to be increasingly 
confronted with the fact that we retain information better 
when we knew something about the subject, than vtien we do 
not. 

Althou^ this was kncwn to educatiaial psyciiologists, until 
very recently there was little or no researdti into the use 
and influence of prior knowledge. 

On the contrary: attempts were DOcde to exdxxJe the effect of 
prior knowledge as far as poss^lble, for exanple by using 
nonsense syllables in ej^jeriinental research situations. Hiis 
was done in the hqpe - that has since be denaonstrated as 
futile - that fundaiaental patterns in the leamir^ prtx^ess 
oculd thus be studied in isolation (Van Dam, 1979). When 
prior knowledge in this artificial and restricted frBiaework 
eventually did surface, it was in a transfer e5?)erirnent vMch 
investigated the influence of leamirxf a series of syllable 
pairs on leamir^ a second series (Peeck, 1979) . 

However, a number of attertpts have been made to actively 
manipulate prior knowledge or to eqpply it in the learning 
process. Uiese relatively recent attempts show that the 
activation of existing cognitive structures generally 
exercises a facilitatir^ effect cxi the learning task. Ihis 
empirically demonstrated phencroesncai awaits sufficient 
ejqjlanation in wore applied research. Among other thir^, it 
is unclear vfcLcia cognitive process (or processes) are to be 
held responsible for this, and how use may be made of this 
facilitating effect in ccxKxete educational situations with 
an^ increased return and iicprovesceant of quality as an 
objective. In the literature, a nuittoer of theories have been 
advanced in esqplanaticxi, primarily on the basis of 
ejqjerimental research. 

A number of c^roaches, soce of which have alreacty been 
presented by Scimidt (1982) , are distinguished here: 

!• Ihe restructuring theory. 

2. Ihe elaboration theory or 'nultiple redundant retrieval 
paths* theory. 

3. Ihe accessibility theory. 

4. Ihe selective attenticxi hypothesis. 

5. Ihe availability theory. 

6. Tt}B retrieval-aid theory. 

7. The schema-transfer theory. 

8. The rqpresentatian-saving theory. 
*********************************************** 

****************************************************^^^^^^^^^ 
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2.1.: Olie rest2iK±uriiig theofry: 



First there is restnKturing theory, which assumes that 
esqjerinental sub j acts , as a cxDnsequencse of a period of 
activation, organize information in the long term memory in a 
different way froro experimfKTtetL subjects vAio have no prior 
knowledge (Matthews, 1982) . Although the structure of the 
original criterion text oould be found in the protocols of 
both groups, the groips differed frooa me another in a manner 
in which they had organized the informaticsi. A possible 
explanaticai of this effect is given ty Pothbar et.al. (1979) 
fcy ireans of the 'encoding specificity • theory (CrcwJer, 1976; 
Tulvinj and Ihanson, 1973) . This theory posits prior 
knowledge leading to a 'category label* which is activated 
and to which each ^)ecif ic eleraeart is added v*ien it is stored 
in the meomory. Ihe information already present would 
therefore have an influence on the manner in which new 
information is coded. A derivative of this restructuring 
theory is the hypothesis that students with a great deal of 
prior knowledge process new information by means of a 
different cognitive structure fran those with little dcroain- 
specific prior knowledge. 



2.2.: Die elaboratim theory: 



A second c^ion is that prior knowledge stimulates the 
production of significant elaboration (Craik and lokhart, 
1972; Craik and Tulvin, 1975; Andersen, 1976; Mayer, 1980; 
Reder, 1980). 

Elaboration is the enhancement of information by the 
develcpment of relaticais among the ideas from the text (on 
the basis of prior knowledge) and between an element in the 
text and prior knowledge. For this reascxi Mayer (1979) had 
referred earlier to a similar •assimilation theory* in vAiicJi 
"relating new, potentially meaningful material to an 
assimilative context of existing knowledge" was regarded as 
the core of learning. Ihe *subsuqption theory' of Ausubel 
(1960, 1968) pointed in the same directicai: "for effective 
learning, people should possess and vse meaningful 
assimilative contexts to integrate the material" . Ihe 
enhancement of . inf ormaticHi by elaboraticMi based on prior 
knowledge leads, according to Anderson and Reder (1979) , to 
the development of •multiple redundant retrieval paths' in 
the resulting cognitive representation. The presence of such 
retrieval paths is si?3posed to facilitate leamirxj in the 
sense that the recall of coded information is made easier. 
The same can be assumed for the producticai of interference on 
the basis of prior knowledge. Interference is a meaningful 
siqpplement to a text which adds meaning to the incoming 



informaticxi and functicxis as an esq^ectaticxi pattern in 
respeat of inforxnatioi still to be processed (Schank and 
Abelson, 1977) . Ihe differenoe between this and elaborations 
lies in the (xaiscicxas activity v^Mch produces the latter. It 
is also inportant that the elaboration process leave traces 
in the recall. As esqjeriinental subjects can no loiter 
distinguish the actual infomaticxi fraro their elaboraticxis 
on it as a result of the manner in \*uch they processed the 
information, the ainount of interference in recall increases 
(Bartlett, 1932); Frederiksen, 1975). Ihe presence of such 
retrieval paths would facilitate learning in the sense that 
the recall of coded information vrould be easier, 
dis theory has often been si^jported in the literature 
(Gagne, 1978). Johnson (1973) found that "lii^uistic units 
rated hi^ cai neaningfulness were recalled better than those 
rated low on this dimension". Two criticisras of this research 
cire possible; 

meaningfulness wcxild seesa to be arbitrary dimensiOT. for prior 
knowledge and it has been shown that the value attached by 
e^q^erimental subjects to the meaning of a proposition was an 
imaginary value thxas not valid (Paivio, 1971). Althou^ the 
elaboration theory gives a possible e^qplanaticxi for the 
positive effect of prior knowledge on learning, this 
mechanism has not been either directly or expl icitly 
denonstrated before. It is however true that the research of 
Stein, Bransford, Franks, CMvngs, vye and MoGraw (1982) and 
Franks, vye, Auble, Mezynski, Berfetto, Bransford, Stein and 
Littlefield (1982) has shewn that learning in less successful 
students can be inproved if they are tradned to make 
consistent elaboraticxis and to assess the relevance of self- 
c'^nerated elaboraticxis. 



2.3.: The ampfff;ibility ttoairy: 



Ihe third theory ccnoentrates on the ^Deed with v*uch 
informaticai can be processed as a oonponent of the return on 
learning. On the basis of the work of Spilich, VescmSer, 
Qiiesi and Voss (1979) and Rpyer and Cable (1975) it may be 
posited that the activation of prior knowledge increases 
access to that kncwledge during the leamir^ process. Tliis 
iitproved accessibility results in a lessening of the load on 
the working inemory and (its cs^city oc»isequently increases) , 
as a result of this more informaticHi can be processed per 
unit of time. 

According to Spilich et al. (1979) people with increased 
prior kncwledge are able to understand a text more rapidly 
because the prior knowledge is more easily accessed and the 
ocnponents of the new information are rapidly linked in this 
way. Spilich, Vesonder, Qiiesi and Voss investigated how 
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students with differirig level of prior knowledge about 
bc^^eball processed nev informticxi on that subject. Uie iise 
of a dannain-^specific area of knowledge, such as baseball, had 
the advantage that on the one hand the researchers were ab^.e 
to give a description of the subject matter using a strict 
terminology (in terms of goal structure, game states and game 
actions) and on the other hand that it was fairly simple to 
divide the students into a Hi^ Knowledge and a Lew Knowledge 
group on the basis of a questicxmaire after matching. 
In this sort of prior knowledge research, it is virtually 
never possible to form a true ooaitrol qroap without prior 
Knowledge. The results of the research show that HK-students 
have a more hi^ily differentiated knowledge structure than 
LK-students. Ihey have more oonoepts at their disposal and 
above all a more highly differentiated system of 
relationships among these concepts. As a result of this they 
can identiJ^ the knowledge relevant informaticxi more rabidly 
and more accurately and perceive its relevant iitportanoe more 
quickly, with as a result more precise encoding and storage 
in the memory, facilitating the recall of data. Further, the 
HK-groi^ can both qualitatively and quantitatively better 
anticipate what is likely to h^pen in a simulated game 
situation, and, in the retention of the information, they can 
make better use of the oanctext so that richer and more hi^ily 
integrated chunks of information are stored in the memory. 
This results in the prior knowledge avedlable in long-term- 
memory being laore easily accessed, ocxisequently, in 
functional terms, HK-students have a relatively large working 
memory capacity in learning knowledge-relevant data (Peeck, 
1979) . Ihis sort of procedure in research into the effects of 
prior knowledge cn the pero^ion and retenticxi of prior 
knowledge-relevant information was also applied with 
remarkable results by De Qroot, (1946, 1978) in his research 
into a chess player's thinking. 

Zwarts* (1978) research results accord with the above 
mentioned findings. Ihe research was directed at the 
influence of domain specific prior knowledge in ornithology. 
Ihe difference between the HK-groc?) and the IJK-groi?) was 
however greater in the free reproducticxi of a text than on 
recall with the help of fill-in questicxTS. Anderson and 
Pichert (1978) believe that "accessibility of information is 
predictably affected by that prior knowledge". This sort of 
relationship is also demonstrated by Jchnsc«i and Kieras 
(1983) in their researdi on subjects in seocaidary education, 
for exanple history. Ihis theory is incidently not distirict 
frxxn the restnocturing theory. Ihe manner of organization 
particularly influences access to information in the long- 
term-memory in turn (Gardner and Schumacher, 1977) . 
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2.4.: The selective attention hypoOiesis: 



A fcxirth prtx:essing strategy that has sotie a priori 
plausibility in the explanation of the phencinenon is the 
selective attention. One thing that cannot be excltKied is 
that people with ipore prior knowlecSge direct their attention 
selectively to passages relevant to prior knowledge in a 
text, v^iich then receives a deeper level of processing. Prior 
kncwledge activation is sedd in this sense primarily to 
fullfil a directive role (Reynolds, Standiford and Anderson, 
1979; Rothkopf and Billington, 1979), in the sense that 
relevant information receives more attention (largely 
expressed in stufy time) at the ^cpense of information that 
is not relevant to the prcablem or topic. Goetz, Schallert, 
Reynolds and Radin (1983) had experimental subjects read a 
text on an enpty hcuse and register per sentence how mucii 
time th^ spent on it in order to verify the selective 
attention hypothesis. As was the case in Anderson, Pinchert 
and Shirey»s (1983) research, the task was to stiify a text 
either from the perspective of a potential btyer or from the 
perspective of a burglar. It was ocxx:lvided that the 
information that best fitted the perspective would receive 
the most attention and would be best retciined. 
In a number of investigations similar discoveries were made, 
i.e. that consistent new information was better retained: 
Pinchert and Anderson (1977), Anderson, Spiro and Anderson 
(1978), Rothbart, Evans and Fulero (1979), Cohen (1981), 
Hiilips and Lord (1982), Anderson, Pinchert and Shirey 
(1983) , Berman, Read and Kenny (1983) . 

Peeck, van den Bosch and Kreipeling (1982) revealed that the 
hypothesis oculd also be used to desaonstrate that it was 
precisely inconsistent new information that was best 
retained. According to Peeck et al. experimental subjects pay 
selective attenticxi to names that they don't recognize, this 
was in an activated condition in which th^ had to name 
Aofterican presidents and states. Ihe fact that inconsistent 
new information hi better retadned was also confirmed by 
Hastie and Huroar (1979), Hastie (1980) , and Snail (1981). 
A number of e>qplanations have been sou^t for the fact that 
selective attaiticui is sometimes focused on consistent new 
informaticai and sometimes on inoonsistent information. 
Berman, Read and Renny suggest that the nature of the task 
has an influence: v*)en there is a greater demand on the 
archival memory and there is less xaseful general social prior 
knowledge available, inoonsistent informatiai is retained 
less well. 

Acx3ording to Berman et al. (1983) certain esqperiments conceal 
a number of elements. The relationship between consistent and 
inoonsistent new information is in itself particularly 
iirportant. They point to the fact that in e>5)eriments in 
vMch inocaisistent information is best retained, the amount 
of acquired inoonsistent information is relatively sroaJ.l in 
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carparison with the acquired cxxisistent information* 

Cchen (1981) rotes that the tasks the e)q)eriinetital subje;^xs 

are given are an influential factor. 

One can think here of the differences described in the 
burglar and purtiiaser per^iectives. Graesser, Vfoll, Kbwalski 
and Smith (1980) confirm that lose of a manory task as a 
d^)endent variable leads to the better r^roducticai of 
consistent informaticxi during a relatively long retention 
interval* In a msiraory task the search procedure in the memory 
is not made easier by 'cues' as in case of a recognition task 
and is accordingly under less retentioi pressure (Gerritsen, 
1986) • IncOTsistent new information is therefore better 
reproduced in a recognition task (Graesser et al. , 1980) . 



2.5.: The availability theoEry: 

Pace ( 1978) did research into the influence of prior 
knowledge on information accessibility. She id^ified a 
number of topics \Aiich were classified on a scale from very 
well known to totally unknown for the ejqjerimental grcxp. 
She wrote a text on each of these topics \asing the knowledge 
bases of the e3q)erimental subjects. Each es^jeriraental subject 
received each text and answered a number of questions on the 
subject. Pace excluded that the hi^ier the level of prior 
knowledge the more questions would be correctly answered. 
Mathew's (1982) results also show that a suitable level of 
prior knowlec^ should lead to a higher level of retention. 
"Finally, prior knowlec^ will provide a cxxx^^jtual-pegliJ^ 
ccxistruct, thus increasing the amount of information 
available in memory." (Matthews, 1982). 



2.6.: The retrieval-naid theory: 

Where the earlier theories were primarily directed at coding 
and storing information, this theory is directed at the 
retrieval phase. Anderson and Pinchert (1978) established 
that the activaticxi of relevant cognitive stnKrtures after 
the reading of a text do indeed promote recall of that text 
and concliided that activation of prior knowledge also 
influences retrieval. Anderscxi, Pinchert and Shirey (1983) 
had e)q)eriinental subjects read a descripticxi of an enpty 
house. It e^jpeared that a perspective iirposed afterwards 
also had an influence on post e>?)erimental measuranent. Ihe 
positive influence of prior knowledge on retrieval was also 
found by Berman, Read and Renny (1983) and Ctohen (1981). 
Rothbart , Evans and Fulero ( 1979) did ix>t succeed in 
confirming this effect. 

Hiis theory is again si5}ported by a nuirber of e3q>lanations: 
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the retrieval plein explanaticxi of Ancierscji et al. (1983), 
Riilips and lord's (1982) reconstructive processing and 
Berinan, Read and Henry's (1983) guessii^ bias idea. Anderscxi 
and et al. (1983) believe that ejgjerimental subjects look for 
certain infonnaticn categories vdiicJi fit into the actual 
sdieroe and fron vAiich the retrieval plan is constnx±ed. 
According to Riilips and lord (1982) they give an explanaticMi 
by means of reocxTstnxrtlve processing: ei^jerimental subjects 
ranetnber seme information that is no part of the text 
presented, hut is consistatt with the schaaB(s) in virLch the 
new information is classified. Uie guessing bias esqjlanation 
of Berman et al. (1983) is perhaps more arbitrary: 
experimental subjects v*k) cannot resnember particular 
information try to guess it on the basis of a given 
perspective. 



2.7.: Ihe schana-txansfer thaory: 

•mis theory ejqjlains the facilitating effect of prior 
knowledge both in the storage of information and on retrieval 
by the presence of an sqppropriate schema for the textual 
information. A schema can be described as "an organized 
knowledge structure that guides perception" (Rumelhart, 
1980). Owing to the fact that the structure for decoding 
already exists it oily has to be related to the new 
informaticHi. Rementoering by means of a "schematic knowledge 
base" can also operate in the same way. Rumelhart and Ortaiy 
(1977) suc^est that one can conceptualize reajecbering as 
observing with memory as a modality. In this way a schema 
can act a guide for the recall. Graesser, Hoffinan and dark 
(1980) oonficned that prior knowle^ of the relevant schema 
optimalized "prose memory performance". 'Diis does not mean 
that one can cmclxide that the learning of scholarly 
informaticai cculd be better achieved by knowing relevant 
schemas. Scheroas are, in concrete terms, often defined in 
terms of the stereotypical sequence of events \(4iich arise in 
siitple narrative (Graesser, Robertson and Anderson, 1981), 
targeted activities (Chiesi, ^pilich and Voss, 1979) , or the 
subject structure of narrative depending on the content 
(IhomdykB, 1977). Scholarly writing is sonetimes a mere 
suninary of facts vAiich has no clear tenporal sequence. 
Graesser, Hoffman and Clark (1980) found that schemas 
facilitated recall in "narrative passages" but not in 
"technical passages". 



11 



2.8.: IhB representata<xy-«acviJig theory: 



A nuniber of authors explain the prica: knowledge effect by the 
phenomenon of representaticxi-saving (Kieras, 1977, Anderson 
and Bower, 1973, Johnson and Kieras, 1983). What they mean 
by this is that the inore a person has prior Icncwledge abcwt a 
subjec± the loore propositions he has in his irenory that are 
already part of the new information and cxxisequently do not 
need to be encxded. The effort required for encxxiing is then 
si:5)erflxious or ocxisiderably reducjed. Before the encoding of 
each proposition a dieck is carried out in order to see 
whether it is already in the long term memory or not. More 
prior knowlec^ leads to a more re^id processing of the 
information. Uiis hypothesis forecasts the degree of encodir^ 
effort, the learning time, and shows a linear relationship 
with the nuirt)er of propositions that the e5q)erimental subject 
already knows. Ihis ^qplanation leans, according to Johnson 
and Kieras (1983) , heavily on the elaboraticxi theory. 



In order to give a clear synopsis of the various theories 
they are sunraarized in table 1.: 
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Table 1 : Theoretical views of the facilitating effect of 
prior kncwlecJge during the learning process* 



Theory 



1 . Restructuring 

2. Elaboraticxi 

3 . Accessibility 



4. Selective 
attention 



Hew does prior knowledge influence 
the learning prcx^ess? 



(key concert:) 



Information is structured in a 
different way in the IHM. (Structure) 

Ihe production of elaborations leads to 
inultiple redundant retrieval paths in the 
cxDgnitive r^resentation. (Elaboration) 

Prior knowledge increases the accessibility 
of kncwlec^e and consequently the load on 
the working inemory is reduced and inore 
information can be processed per tiite unit. 
(Rapidity) 

Attention is directed selectively at 
passages relevant to prior kr>owledge, 
v*uch are subjected to a deeper level of 
prooessii^. (Selection, steering) 



5. Availability 



6 . Retrieval-aid 



Prior knowledge increases the availability 
of ixiforroation during the learning prDcess 
and leads to a hi^er level of retention. 
(Availability) 

Prior knowledge and access to relevant 
cognitive structures increases retrieval. 
(Retrieval) 



7. Schema-transfer Prior knowledge iitplies the presence of 
relevant schemes, the new information has 
to be fit in the right schenae. 
(CXxple informaticxv-scheane) 



8 . Representation 
saving 



Prcpositicais ^^Aiich are part of tlie prior 
knowledge no longer have to be encoded. 
The encoding effort is in consequence 
considerably reduced. (Proposition) 
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It is not our intention to ooraoent on the tenability of 
these various theories. Ihis would also not appear to be 
ininadiately possible. A number of theories lean heavily on 
one or the other or show a degree of overlap. The different 
theories are not neoessarily nutually exclusive; they are 
primarily concerned with phases that follow one another in 
information processing. Accordingly, prior kncwlec3ge is said 
to influence each of these phases: the directiai of 
attention, the encoding of information, its processing in the 
workir^ iremory, storage in the long term r^^aaory, and recovery 
of informaticai frcm the long term roeraory. 
It is strikirg tliat the research ::eferred to makes 
considerable use of the activation of prior kncwlecJge and not 
of the prior knowledge itself. In experiitiental situatiais, a 
short text or task is offered as an ind^jendrat variable. Vfe 
are more interested in the inpact of students' real prior 
knowledge on the learning process and learning results. 
Further, virtually all the research into prior kiKwledge is 
characterized by a very limited ecologiccd veLLidity. Hiis 
means that the ej^^erimental envirxOTnent is so constructed 
that the research results cannot be generalized from it to 
real educati^al situaticxis. Es^jeriments vise lists of words 
or one or two short sentences as the information that the 
stuient raost learn. Prior knowledge is activated by short 
passages of text. Ihe information to be learnt deals with 
fictional subjects (for example the American "desert fox"; 
Peeck, van den Bosch and Kra:peling, 1982) or non-existing 
situations (for exanple the balloon study of Bransford and 
Johnson (1972). Finally the nature of the test (general 
questions or specific questions on the text, recognition or 
remenbering, etc.) is seldom taken into account in the 
interpretaticai of the results. 

The si^jporters of the transfer appropriate processing 
approacdi (Morris, Bransford, Ftariks, 1977; Bransford, Franks, 
Morris and Stein, 1979) believe that the nature of the test 
should be incliKSed in every consideration. It seems self- 
evident that varying performances would be achieved if the 
test were not to relate to tlie learning task. Althou^ the 
r^roduction of facts is an easy goal it is certainly not the 
most iirportant and there are many serious objections to a 
siiiplistic enoouragesment of this sort of learning. (Ausubel, 
1968; Bruner, 1959; Holt, 1969; Qrmell, 1979; Dociiy and Van 
Loyk, 1987). 

According to Bransford et al. , it is not so much a question 
of the quantitative relatiOTship between the amount of 
retention and nui±)er of elaborations , tut more of the 
qualitative relaticxiship beU^een the nature of the processing 
activities and the nature of the learning results. 
These different theories recognize the positive infliaence of 
prior knowledge on the selection process from the kncwledge 
base, the capacity of the working memory, the elaborations 
carried out on new informatics , the storage of new 
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information in the ISM and the retrieval of new information. 
It would seem likely that prior knowledge (or parts of it) 
not only affects the leamii^ process, but also the l^tming 
results. 



3. The significancae of the cxanoe pt ••prior kixwledge**. 

3.1. HbB definition of ••prior krwledge**. 

Hie conc^ "prior knowledge" is difficult to define. In the 
English speakii^ world, in which the phencmenon is laost 
widely studied, various terras are losed inteixhangeably. 
"Prior kncwledge" is used, but there are also terms such as 
•prestorage», 'pennanent stored knowlec^e', 'prestored 
knowledge*, 'knowledge store', 'prior kiKJwledge state', 
'prior knowledge state in the knowledge base', 'iitplicit 
knowledge' or 'archival mertory'. ExplanaticxTs of these terms 
are however few and far between. Neisser (1976) talks about 
the role of prior knowledge in peroqrtacxi. He describes 
prior knowledge as the skills and e>$)erienoe of the observer 
or, further, as viiat he knows in advance. There is not much 
more than this type of vague def initic»i to be found in the 
literature. Nevertheless it would seem necessar^i to arrive at 
a stricter descripticai. An exploraticxi and oonc^>tualization 
of various types of knowledge will provide more concrete 
information for this purpose. 

3.2. Types of prior knowledge. 

In cognitive psychology, knowledge is operationalized 1^ 
means of a number of OOToepts. h nuniber of oognitivists lase 
the dichotoray of declarative and procedural knowledge, others 
talk of episodic and semantic knowlec^. still others talk 
about the use of strategic knowledge. it is possible not 
only to make a distinction in terms of the content of the 
prior knowledge, but also in terms of the scope of the area 
of knowledge to viiich it refers. 

In this context, donain ^)ecific knowledge or domain 
independent prior knowledge is i:ised. These differences will 
be e5q)lained briefly below. 



Declarative knowledge and procedural knowledge. 

Conceptual knowledge (Posner, 1978), largely called 
declarative knowledge, is the knowledge of facts, the 
meanings of symbols and the ocnoepts and principles of a 
particular field of study. Cohen (1983) even limits this to 
facts. Sometimes propositicxial knowledge is referred to 
(Greeno, 1980) or descriptive kncwlec^ (Irdewijks, 1981). 
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Knowledge of action, manipulatiOTi and activities are 
indicated by De Jang (1986) as procedural knowledge. Cohen 
(1983) talks of skills, noles, procedures and plans. 



Ihe distinction between declarative and procedural knowledge. 

The essential dif f erraoe between these two is that procedural 
knowledge refers directly to action or activity, viiile 
declarative knowlec^ requires an interpretation in order to 
lead to acticai (Messick, 1984). Andersen (1980) gives the 
distinction declarative - procedural again as "knowing that" 
and "knowing how" re^)ectively. Cognitive skill is in close 
relation to procedural knowledge and is described as the 
ability to carry out various intellectual procedures 
(Anderson, 1980) . A less absolute distincticxi is mde by 
Anderson (1980) in saying that iiost declarative knowledge can 
be expressed verbally viiile much procedural knowledge 

cannot However, declarative knowledge need not be 

vei±>al". There are two currents of scholarly research into 
•machine intelligence": to the first, the proceduralists, 
knowledge is procedural and is concerned with how; and for 
the second , the declarativists , knowledge includes both 
propositions ( • knowing v*iat • ) and general procedures to 
manipulate them. As far as human knowledge is cmoemed, the 
declarativists are ri^t, according to Oohen (1983). It is 
reasc«iable to assuine that procedural knowledge is less domain 
specific. People's knowledge base is regularly added to, 
adjusted, axasxtled and old knowledge is often used in a new 
way, making it defensible to assume that the declarative form 
of the rqpresentation of knowledge offers more advantages. 

Et)isodic knowledge and semantic knowledge. 

Ei>isodic knowledge reflects the totality of perscxial 
experience in its ^tio-teitporal coribe>±, and is cotparable 
to an historical document. Episodical knowledge is contextual 
and accidental. Semantic knowledge includes a r^resentation 
of the external world, abstracted from its ccxttext and is 
permanent and necessary. Ihis knowledge is largely es^ressed 
in 'models of memory' as a system of related concepts, 
including are called 'nodes' . 

Ihe relationship between ^isodic and semantic knowledge. 

According to Cohen (1983) in practice there is no sharp 
distinction between the types of knowledge. Each model vAiich 
makes a distinction mast also be provided with an interface 
between ^isodic and semantic knowledge. How often do we have 
to see a leopard to know that its spcfts are a defining 
characteristic? 'Permanent stored knowledge' arises on the 
basis of new ^isodic irfwts. 
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strategic knowledge. 



Strategy can be seen as a general plan of acticxi in vMch the 
sequence of the s^iarate cognitive activities is laid down 
(ftjsner and MbLeod, 1982) . Uiis is primarily inportant in the 
solution of problems in v*iich the followir^ different phases 
have to be gone throu^: analysis, planning, .inplementation 
and verification (Schoenfeld, 1979; Mettes and Pilot, 1980). 
Strategic kncwledge directs the thinking process, but the 
bcwndaries to the use of this knowledge are thus far unclear. 
For that reascxi there are no e}?>licit theories, as yet, on 
the content of this knowledge (Brown, Collins and Harris, 
1978). ihe conceptualization of this type of knowledge is 
very vague. Cohen (1983) makes no distinction between it and 
procedural knowledge. Both oonprise skills and plans of 
action. 

Aocording to De Jong (1986) the difference resides in the 
degree of ^)ecificity. Procedures related to a small part of 
the solution process are largely donain ^)ecific, and include 
algorithms and heuristic devices. Strategies are related to 
the vAiole process of solution and are often vsed nore with 
subject content (Schoenfeld, 1983; De Jor^, 1986). Hiere is, 
however, never a question of a strict didhotany, but rather 
of a sliding transition. After all, the terms, procedurBl and 
strategic, are often used interchangeably. 



Dcxtain specific knowledge and doroain transcending knowledge. 

Recent research has pointed the fact that both dcnain 
specific knowledge and donain transcendant knowledge exists 
in the knowledge base (Glaser, 1984). Furthermore there is 
evidence that learning is far more dcnain specific than 
earlier theorists of learning believed (Shuell, 1986; Tuma 
and Reif , 1980) . Carey (1985) su^ests that the acquisition 
of knowledge during the total period of development is based 
cn increasing knowledge within various domains. This 'damain 
specific restructuring view of development' has received a 
great deal of support in research cn novioe-e>qpert 
differences within various dcroains, such as physics (Qii, 
Glaser and Rees, 1982; Laridn, JfcDermott, Simon and Siiton, 
1981; McCloskey, Caramazza and Green, 1980) , chess (Chase 
and Simon, 1973) , radiology (Lesgold, Feltovich, Glaser arri 
Wang, 1981) and the social sciences (Voss, Greene, Ft)st and 
Penner, 1983) . Nevertheless it is unlikely that all learning 
is donain ^)ecific. If this were the case, it would be 
difficult to e)q)lain hew individuals deal with new situaticais 
or how they handle entirely new information. Viewed 
objectively, learning, according to Shuell (1986) , cortprises 
donain specific and donain independent processes. How these 
processes interfere with one another is as yet unclear. 
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Glaser's hypothesis (1984) is that relative etrphasis on 
specific or nore transferable knowledge in instructions will 
vary as a functicHi of the oonpetenoe (or prior knowledge) of 
the learner aixi the characteristics of the donain. According 
to the ejq^ert, Robert Gleiser, a useful e^^xroach to researcii 
is to learn the docain ^)ecific knowledge so that the more 
general (self -regulatory) skills are practiced during this 
leamir^ (Glaser, 1984) . 

Ocaicliasion. 

On the basis of the positions taken above, research results 
and new developonents in cognitive psyciiology, it would egppear 
useful to define the concept of 'prior knowledge' and to 
describe it as a 'dcroain specific prior knowledge state*. 
Ihis indicates that the oonoem is with doroain specific 
knowledge at a i>articular incroent, in this case prior to 
learning an assignad learning task. 

By 'knowledge state* we are to understand the entirety of the 
domain specific knowledge and skills , available before 
learning. Ihis comprises both declarative and procedural 
knowledge. Bransford (1979) speaks of the "currant level of 
previously acquired knowledge axd skills". 

3.3. Differences in prior knowledge 

A well known distii>ctiai in prior knowlec^, often inade in 
cognitive psychology, is that between the expert and the 
novice. Norman (1978) describes an e>q)ert as soroecaie v4kd has 
studied a conplex subject for a period of 5000 hours, and 
during that tiine has thought about it on a daily basis and 
has also learned to use the information. The distinction 
between a novice and an expert resides in the amount of prior 
knowledge vAiidi they have at their disposal. The difference 
in prior knowledge or expertise influences the manner in 
v*iich th^ learn. Mirande (1981) gave a peychology text to a 
beginning : tident and an expert, and asked them to draw up a 
schema of the text and a list of specifications of the 
oonoepts used. In studying the text, the student approached 
it on the basis of: viiat can I learn from this text? He added 
new knowledge to his stock of knowledge. The expert asked: 
how is this subject dealt with? During the reading process 
she was ocartinually assessing, and ocrparing the knowledge in 
the text with her own knowledge. In schematizing the ejqpert 
included irore oonoqpts in her scheme than the student, vAule 
her list of specificaticans had an entirely different content. 
The abbreviated schemas of the student (see diagram 3) and of 
the ejqpert (see diagram 4) show how markedly their accounts 
differed. For the student it is a text about three sorts of 
tests. For the e>q)ert it is a text about three critical 
observations on part of a text about tests by a particular 
author. 
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capacities 



test 



progress 



personality 



Figure 3: Hie abbreviated schane of the student (Mirande, 



Research into the differences between novices and experts. 
Differences between novices and experts were primarily 
investigated in respect of the soluticxi to prtablems. Chi, 
Feltovich and Glaser (1981) carried out three e}$)eriinents in 
v*dch problems in mechanics were offered for soluticsi. 

Ihey concluded that e^qjerts had a different cognitive 
structure, catprising vAiat are called problem schemata. An 
adequate problem s(±em incliades elements of declarative and 
procedural knowledge wtdch are valid for that specific 



1981) 




procedure! predicted 
value 

capacity test 



IXiijker and Dudink 
on tests 



exam! versus pi?ogress tejt 



validity of ooncjqpts, 
perscmality test? 



Figure 4: Sdiema of the expert (Mirande, 1981) 
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of prtiDlem, in addition to knowledge of problem situaticais. 
In listing everything that itt of iise in the solution of 
various sorts of problem, oqperts and novices mentioned the 
characteristics of problem situaticais equally frequently. 
E)q)erts aj^peared however to be able to name roore e>qplicit 
procedures (if-^Anen relations) . Chi and others (1981) 
concluded frora this that experts have expl icit solutic»i 
procedures in their ^)ecific problem schemata, related to the 
diaractcristics of prc3bl€ms. Larkin, McDermott, Siiocai and 
SiiKxi (1980) and Elshout (1982) discovered that e)^)erts are 
more thoroul^ in their analysis of the problem. Beginners 
appeared to junp quickly to the soltttions and anit stages in 
the analysis and transformation vihich esq^erts pay attenticxi 
to. According to Larkin et al. (1980), Chi et al. (1982) and 
Been and Brokken (1984) in the statement of the problem, 
experts are able to more easily discover the characteristics 
relevant to the selectiai of the solution procedure. Experts 
also make fewer errors and reach a solxition more efficiently 
by means of a 'means-end analysis', (larkin et al., 1980). 
Analogous ej5)ert - novice differences were discovered in both 
the solution of natural science problems and in the positing 
of a medical diagnoses (Schmidt, 1982, Dijkstra, van der 
Stelt, van der Seijde, 1983). Differences between experts 
and novices can be reduced to the following differences in 
knowledge and skills (Keif, 1981; Jansweijer and Elshout, 
1984; Mettes, 1984): 

a. Differences in methods of problem analysis. 
Ihe novice does not have: 

- a canon of iriodels of problem schemata 

- an analytical of categorization system for problems. 

b. There are differences in declarative knowledge. 

- this knowledge is more complete and more coherent in 
the expert 

- the beginner fills in the missing knowledge with 
naive knowledge and ad hoc theories of ideosyncratic 
proposals for processes or states. 

c. Differences in procedural knowledge. 

- the expert has better organized more wide ranging 
production sdiemata, associated with more ea^licit 
conditions for a^lication and categories of problem 
situations. 

- the expert's knowledge is stnactured so that the same 
informatiaa (tl^ie declarative informaticxi too) is 
present at different levels of detail. 

- the beginner does not have a systematic solution 
plan. 

- the beginner has problems with the application of 
general knowledge in ^)ecific situations. 
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Limited pcwer of generalizaticHi and cxxtplaints against the 
expert-novioe paradigm. 



The results of the above researdi have to be interpreted with 
a degree of caxiticai. One of the reasons for this is that they 
are virtually exclusively oonoerr«i with researtdi into 
problem soluticxi and not with learning as a vAiole. Secondly 
the researdi primarily oonoems problcKS of natural science 
and medical problesns and furthermore problene at a relatively 
sinple level, i.e. well defined prc4>l€ms of a specification 
type (Mettes and Pilot, 1980; Schmidt, 1982). Furthemorr^, 
caution in interpretation is roocninended because the eoqjert- 
novice paradigm is not a tnje paradigm. Let us add soaething 
to this. In the resea r ch above, b^inning students are 
largely used as novices, staff or graduates as esjqperts. But 
who is a novice and v^ten does osie become an ^qpert? Iteople 
v*io have ccnpleted their education in a subject or have a 
number of years e>q5erienoe in that area arB taken to be 
es^jerts. Graduates, teaching staff, professors, but also 
students \^*io have jwrsued a course, and have studied with 
success are also regarded as e)?)erts (Jansweijer, Elshout 
and Wielinga, 1985). So there can be a great deal of 
difference between different esqperts. Furthenrore, beii^ an 
expex± is related to a field of study or domain specific 
knowledge. An e)q)ert in education can be a novice in 
chemistry. 

Determining the beginner's level of e3q)ertise, however, seems 
to be much more arbitrary. In the research of De Groot 
(1946), Dijkstra et al. (1983), Qii et al. (1981) and larkln 
(1979), the novice e>^)erimental subjects alr^eidy had a 
certain aircunt of e^qpertise in the domain (De Jons, 1986) . In 
other research, such as that of Bgan and Schwartz (1979), 
Mourant and Pockwell (1972) and Shavelson (1972, 1973, 1974) 
beginners were categorized as being •uninformed*, 'havir^ 
little knowledge' or 'an almost oocplete lack of experieroe' . 
Beginners are thus defined at different levels and are 
virtually inconinensurable as a homogeneous groqp. Gradually 
an understanding is beginning to dawn, i.e. that beginners, 
certainly vdien defined as those have acquired some 

insist into the domeiin, are a heterogeneous r^searxii 
pcpulatiai. With this in mind. Silver (1981), Finegold and 
Mass (1985) and De Jong (1986) investigated the differences 
between weak and good beginning problem solvers. Finally, in 
respect of the power of generalization of these researtSi 
results, note should be taken of the often rather small 
number of e>?)erimental subjects; two to ei^t would appear to 
be the average . Also of the fact that on ju^ing the 
protocols, the assessors were often informed of the level of 
e3q)ertise of the e^qperimental subjects. Ihis is also 
important. It is certainly relevant v*ien there is no validity 
test of the assessments. 
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4. Oanclusion 



In the last decade, research has clearly shewn that the 
•Prior Knowledge State* of the student has a strong 
influence on learning. 

Eii^t different theories e}?)lain this phencroenon by assigning 
a positive influence to prior knowledge on the selection 
process from the knowledge base, the ce^city of the working 
iremory, the elaboratican carried out cn new information, the 
storage of new information in the IHM and retrieval of new 
information. Tliese theories are still hypothetical however. 

Prior knowledge can be defined as 'Prior Ehcwledge State": 
the totality of danain specific knowledge and skills 
available for the execution of particular learning activity • 
One can also speak of part declarative, part prxx»3ural 
knowledge • 

Differences in prior knowledge , operatiOTalized in the 
e)q)ert - novice paradigm nust be interpreted with necessary 
cavttion. It is not a true paradigm. 

In contradistincticffi to the influence of prior knowledge in 
the learning process, in education relatively little account 
is taken of the prior knowledge ard e>qperienoe of students. 
In the teirporal and content gradijig of subjects, oily seldcxn 
account is taken of prior knowledge. At the most we can speak 
of a settir^ off of what is largely presumed and caily in sgtob 
few cases tested prior knowledge. 

Finally there is the enpirically demonstrated phenoai>exx3n, of 
the facilitating effect of FKS, vAiich is primarily based on a 
strict experimental researcii at a micro level. Ihere is need 
for more ecologically valid research or more eqpplied research 
and a satisfactory ej^lanatioi with a concrete usable theory. 
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